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(57) ABSTRACT 

A hydrogen storage alloy wherein elution of Co, Mn, Al, and 
the like elements into an alkaline electrolyte is inhibited, an 
anode for a nickel-hydrogen rechargeable battery employing 
the alloy, and a nickel-hydrogen rechargeable battery having 
the anode. 

9 Claims, 2 Drawing Sheets 
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HYDROGENABSORBING ALLOY, 
NEGATIVE POLE, AND 

NICKEL HYDROGEN SECONDARY 
BATTERY 

FIELD OF ART 

The present invention relates to a nickel-hydrogen 
rechargeable battery, and a hydrogen storage alloy and an 
anode therefor. 

BACKGROUND ART 

Nickel-hydrogen rechargeable batteries with an anode 
containing a hydrogen storage alloy, compared to nickel 
cadmium rechargeable batteries, provide higher energy den 
sity and pose less environmental burden in the absence of 
poisonous Cd. Nickel-hydrogen rechargeable batteries have 
been used in portable appliances Such as digital cameras and 
electric tools, as well as in electric vehicles and hybrid-type 
electric vehicles, and demanded to provide various battery 
characteristics depending on their use. 
As a conventional anode material for nickel-hydrogen 

rechargeable batteries, there is well known LaNis hydrogen 
storage alloys having CaCus crystals as the main phase, and 
hydrogen storage alloys wherein Ni in the LaNis hydrogen 
storage alloy is partially Substituted with metal elements such 
as Co, Mn, or Al, are also in use. Such partial substitution of 
Ni with Co inhibits decrepitation of the alloy and improves 
cycle characteristics of batteries. Partial substitution of Ni 
with Mn or Allowers the equilibrium pressure of the alloy 
upon hydrogen absorption/desorption, and improves battery 
capacity. 
On the other hand, addition of Co, Mn, Al, or the like 

elements may result in elution of Co, Mn, and Al into an 
alkaline electrolyte, and these eluted elements may precipi 
tate on a separator or a cathode to cause micro-short circuit or 
reduction of the cathode, resulting in self-discharge or a drop 
in operating Voltage of the battery. In particular, Mn, having a 
higher vapor pressure compared to other metals, evaporates 
during the melting step in alloy production and segregates 
near the alloy surface. Consequently, Minis particularly prone 
to elution into an alkaline electrolyte. 

Addition of Co inhibits decrepitation of the alloy as men 
tioned above. However, for achieving sufficient effect, addi 
tion of a large amount of Co is required, which on the other 
hand results in increase in the amount of Co elution. 

Incidentally, the price of Co metal, which is a rare metal, 
has recently been increasing and associated alloy cost has also 
been increasing accordingly. 

In view of the above, Patent Publication 1 discloses reduc 
tion of a Co content and addition of Sn in a hydrogen storage 
alloy of the CaCus crystal structure to reduce alloy cost and to 
inhibit decrepitation of the alloy upon absorption/desorption. 
Patent Publication 1: JP-2001-279355-A 
The hydrogen storage alloy disclosed in Patent Publication 

1 may be inhibited from decrepitation upon absorption/des 
orption, but the corrosion resistance of the alloy cannot be 
improved, and elution of Co, Mn, Al, or the like element into 
an alkaline electrolyte cannot be prevented. In particular, the 
high Mn content results in a large amount of Mneluted into an 
alkaline electrolyte, so that, when the alloy is used in a battery, 
corrosion resistance, self-discharge characteristics, and oper 
ating Voltage may be deteriorated. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a hydro 
gen storage alloy wherein the Co content is reduced for low 
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2 
ering cost, decrepitation characteristics and oxidation resis 
tance are improved for Sufficient corrosion resistance, and 
significant inhibition of elution of Co, Mn, Al, and the like 
element into an alkaline electrolyte is achieved, as well as an 
anode for a nickel-hydrogen rechargeable battery produced 
with this hydrogen storage alloy. 

It is another object of the present invention to provide a 
nickel-hydrogen rechargeable battery wherein elution of Co, 
Mn, Al, or the like element from the anode into the alkaline 
electrolyte is significantly inhibited, deterioration in self-dis 
charge characteristics and operating Voltage may be inhib 
ited, and excellent capacity ratio (cycle characteristics) may 
be achieved. 
The present inventors have made intensive researches for 

achieving the above objects to find out that a hydrogen storage 
alloy may be obtained which is of low cost, has sufficient 
corrosion resistance with excellent decrepitation characteris 
tics and oxidation resistance, and allows less elution of Co, 
Mn, Al, or the like element into an alkaline electrolyte, by 
regulating in particular the Co, Mn, and Sn contents in a 
LaNis hydrogen storage alloy to fall within a particular alloy 
composition, and by giving the alloy a structure free of a 
precipitated phase having a grain diameter of not less than 5.0 
um as observed in a La-mapping image at a magnification of 
800x obtained by area analysis of a cross-sectional structure 
of the alloy with EPMA (Electron Probe Micro Analyzer). 
The inventors have also found out that, by using this alloy as 
an anode active material of a nickel-hydrogen rechargeable 
battery, a battery may be obtained which is of low cost and 
excellent in cycle characteristics, corrosion resistance (oxi 
dation resistance of the alloy), self-discharge characteristics, 
and the like, to thereby achieve the present invention. 
The inventors have found out that, as will be demonstrated 

in Comparative Examples 10 to 13 below, in LaNis hydrogen 
storage alloys, particularly with a composition without Sn, no 
precipitated phase having a grain diameter of not less than 5.0 
um is observed in a La-mapping image at 800x obtained by 
area analysis of the alloy with EPMA even at a high Mn 
content, whereas with a composition containing Sn, precipi 
tated phases having a grain diameter of not less than 5.0 um 
may be observed in a La-mapping image at 800x obtained by 
the area analysis of the alloy with EPMA even at a low Mn 
content. In Sum, it is found out that LaNis hydrogen storage 
alloys requisitely containing Sn as in the present invention are 
prone to have precipitated phases, and thus require controls 
different from those for the composition without Sn. 

According to the present invention, there is provided a 
hydrogen storage alloy comprising a CaCus crystal phase as a 
main phase, having a composition represented by the formula 
RNiCo, Al-Mn SnM, wherein R stands for at least one 
element selected from lanthanoid elements including Y, and 
essentially includes La; M stands for at least one element 
selected from Ti, Zr, Hf, Ag, Ge. V. Nb, Ta, Cr, Mo, W. Fe, Cu, 
Zn, B. Ga, Sb, In, Si, P, and C; a satisfies 3.70sas5.10, b 
satisfies 0<bs0.55, c satisfies 0.00s.cs0.45, d satisfies 
0.00sdk0.20, e satisfies 0.05ses0.25, and f satisfies 
0.00sfs0.25; and 4.90sa+b+c+d+e+fs5.50, and having a 
structure free of a precipitated phase with a grain diameter of 
not less than 5.0 um as observed in a La-mapping image at a 
magnification of 800x obtained by area analysis of a cross 
sectional structure of said alloy with EPMA. 

According to the present invention, there is also provided 
an anode for a nickel-hydrogen rechargeable battery compris 
ing the above-mentioned hydrogen storage alloy as an active 
material. 
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According to the present invention, there is further pro 
vided a nickel-hydrogen rechargeable battery comprising the 
above-mentioned anode for a nickel-hydrogen rechargeable 
battery. 

The hydrogen storage alloy of the present invention, hav 
ing the composition and structure as discussed above, is of 
low cost, has sufficient corrosion resistance with excellent 
decrepitation characteristics and oxidation resistance, is 
capable of inhibiting elution of Co, Mn, Al, and the like 
element into an alkaline electrolyte, and is useful as an anode 
active material for a nickel-hydrogen rechargeable battery. 
The nickel-hydrogen rechargeable battery of the present 
invention, having an anode containing the anode active mate 
rial mentioned above, is low in cost and excellent in cycle 
characteristics, corrosion resistance due to inhibition of oxi 
dation, and self-discharge characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The patent or application file contains at least one drawing 
executed in color. Copies of this patent or patent application 
publication with color drawing(s) will be provided by the 
Office upon request and payment of the necessary fee. 

FIG. 1 (a) and (b) area copy of Sn- and La-mapping images 
obtained by area analysis of the alloy prepared in Example 10 
with EPMA. 

FIG.2 (a) and (b) area copy of Sn- and La-mapping images 
obtained by area analysis of the alloy prepared in Example 11 
with EPMA. 

FIG.3 (a) and (b) area copy of Sn- and La-mapping images 
obtained by area analysis of the alloy prepared in Example 12 
with EPMA. 

FIG. 4 (a) and (b) area copy of Sn- and La-mapping images 
obtained by area analysis of the alloy prepared in Compara 
tive Example 8 with EPMA. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

The present invention will now be explained in detail. 
The hydrogen storage alloy according to the present inven 

tion contains CaCus crystal phases as the main phase, and has 
a composition represented by the formula RNiCoAllMnS 
nM. 
ife fact that the alloy contains CaCus crystal phases as the 

main phase may be confirmed, for example, using an X-ray 
diffractometer (XRD) with Cu-KC. radiation as an X-ray 
SOUC. 

Rin the formula representing the composition stands for at 
least one element selected from the lanthanoid elements 
including Y, and essentially includes La. That is, R includes 
Laas an essential element, and may optionally include at least 
one element selected from the lanthanoid elements including 
Y other than La as an optional element. For example, Mm 
(misch metal) may be used as R. Mm contains La and two or 
more elements generally selected from La, Ce, Pr, Nd, Sm, 
and the like. La tends to lower the equilibrium pressure of the 
alloy upon hydrogen absorption/desorption, whereas Pr, Nd, 
Sm and the like tend to increase the equilibrium pressure. 
The La content in R is usually not less than 30 mass %, 

preferably not less than 30 and not more than 85 mass % for 
good corrosion resistance due to inhibition of oxidation. The 
Ce content is preferably not less than 5 and not more than 55 
mass % for good cycle characteristics and battery capacity. 
The Pr content is preferably not less than 0.1 and not more 
than 10 mass % for good cycle characteristics. The Nd content 
is preferably not less than 0.1 and not more than 15 mass % for 
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4 
good cycle characteristics. According to the present inven 
tion, it is preferable to use a mixture of the above-mentioned 
rare earth elements or Mm of the above-mentioned composi 
tional range. 
Min the above-mentioned formula is not always necessary, 

and may be contained when fine adjustment of characteristics 
is required depending on the use of the battery. M is at least 
one element selected from Ti, Zr, Hf, Ag, Ge. V. Nb, Ta, Cr, 
Mo, W, Fe, Cu,Zn, B. Ga, Sb, In, Si, P, and C. With at least one 
of Fe, Cu, Zr, Ti, Nb, Mo, W. and B, initial activity is 
improved and decrepitation is inhibited, or elution of Co, Mn, 
and Al into an electrolyte is inhibited. 

In the formula, a denotes the Ni content with respect to the 
number of moles of R being 1. The Ni content primarily 
affects decrepitation characteristics. The amount a satisfies 
3.70sas5.10, preferably 4.05sas5.00. When a is less than 
3.70, decrepitation cannot be inhibited, whereas when a is 
more than 5.10, hydrogen storage capacity may be small. 

In the formula, b denotes the Co content with respect to the 
number of moles of R being 1. The Co content primarily 
contributes to improvement in decrepitation characteristics. 
The amount b satisfies 0<bs0.55, preferably 0<b 0.50, more 
preferably 0.10<bs0.30. When b is more than 0.55, sufficient 
initial activity cannot be achieved. With the addition of Sn as 
will be discussed later, decrepitation characteristics and oxi 
dation resistance are improved, and corrosion resistance is 
increased. With the addition of Sn, elution of Co, Al, and Mn 
into an alkaline electrolyte is also inhibited, which effect is 
realized by synergetic effect of Co and Sn. Thus, when Co is 
not contained, the cost is low but an effect of the present 
invention is not achieved. 

In the formula, c denotes the Al content with respect to the 
number of moles of R being 1. The Al content primarily 
contributes to adjustment of equilibrium pressure upon 
hydrogen absorption/desorption, and increase in the battery 
capacity. The amount c satisfies 0<cs0.45. When c is more 
than 0.45, as-cast alloy cannot be homogenized Sufficiently 
by heat treatment, and a precipitated phase having a higher Al 
concentration than the matrix may be formed in the alloy 
structure. Such a precipitated phase, when present, may act as 
a starting point of cracks, resulting in decrepitation of the 
alloy and deterioration of cycle characteristics. Further, from 
Such a precipitated phase, Al may be eluted into an alkaline 
electrolyte to deteriorate self-discharge characteristics and 
operating Voltage of the battery. 

In the formula, d denotes the Mn content with respect to the 
number of moles of R being 1. The Mn content primarily 
contributes to adjustment of equilibrium pressure upon 
hydrogen absorption/desorption, and increase in the battery 
capacity. The amount d satisfies Osd-0.20. When d is more 
than 0.20, as with the case of Al, Mn may be eluted into an 
alkaline electrolyte to deteriorate self-discharge characteris 
tics and operating Voltage of the battery. As mentioned above, 
Mn is particularly prone to elution, but the present invention 
allows a significantly smaller Min content compared to that in 
conventional alloys by controlling the balance with other 
elements. 

In the formula, e denotes the Sn content with respect to the 
number of moles of R being 1. The Sn content primarily 
contributes to improvement in decrepitation characteristics 
and oxidation resistance, which affect corrosion resistance, 
and to inhibition of elution of Co, Al, and Mn into an alkaline 
electrolyte to improve cycle characteristics, corrosion resis 
tance, and self-discharge characteristics of the battery. The 
amount e satisfies 0.05ses0.25, preferably 0.05ses0.15. 
When e is more than 0.25, Sn is eluted into an alkaline 
electrolyte, whereas when e is less than 0.05, sufficient 
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improvement in corrosion resistance of the alloy and Suffi 
cient inhibition of elution of Co, Mn, and Al into an alkaline 
electrolyte cannot be achieved. 

In the formula, faenotes the M content with respect to the 
number of moles of R being 1. The amount f satisfies 
0sfs0.25. When f is more than 0.25, the various characteris 
tics desired of the hydrogen storage alloy according to the 
present invention cannot be obtained. 

In the formula, a+b+c+d+e+f denotes the total content of 
the elements other than R with respect to the number of moles 
of R being 1. The total content of the elements other than R 
primarily affects decrepitation. The amount a+b+c+d+e+f 
satisfies 4.90sa+b+c+d+e+fs5.50, and if less than 4.90, 
decrepitation cannot be inhibited, whereas if more than 5.50, 
the hydrogen storage capacity may be small. 

In the formula, b+e denotes the sum of the Co and Sn 
contents. The amount b+e is preferably 0.10sb+es0.65, more 
preferably 0.15sb+es0.45. Decrepitation inhibitory effect of 
Co. of which content is reduced, is supplemented by addition 
of Sn. When b+e is more than 0.65, the initial activity is low. 
When b+e is less than 0.10, the cost is low, but decrepitation 
characteristics are impaired, and improvement in corrosion 
resistance and inhibition of elution of Co, Mn, and Al into an 
alkaline electrolyte cannot be achieved. 

In the formula, de denotes the sum of the Min and Sn 
contents. The amountd+e is preferably 0.05sd+es0.30, more 
preferably 0.05sd+es0.25. Within this range, when the Sn 
content is large, elution of Co, Mn, and Al into an alkaline 
electrolyte is inhibited, whereas when the Mn content is large, 
large capacity is achieved. 
The hydrogen storage alloy according to the present inven 

tion has the composition discussed above, and a structure free 
of a precipitated phase with a grain diameter of not less than 
5.0 Limas observed in a La-mapping image at a magnification 
of 800x obtained by area analysis of a cross-sectional struc 
ture of the alloy with EPMA. Determination with EPMA are 
made at a magnification of 800x, accelerating Voltage of 15 
kV, current of 1x107A, and beam diameter of 1 Lum. As used 
herein, the grain diameter of a precipitated phase means the 
length of the long axis. 
The presence/absence of a precipitated phase with a grain 

diameter of not less than 5.0 um is determined from a map 
ping image obtained by area analysis with EPMA under the 
above-mentioned conditions. The precipitated phase is often 
formed in the area with high Sn concentration. 
When the precipitated phase is observed, the expansion 

rate is different between the matrix and the precipitated phase 
upon charging/discharging, which facilitates formation of 
cracks in the alloy to deteriorate the battery life. Also, in the 
area with high Sn concentration, elution of Sn itself is facili 
tated in an alkaline electrolyte and, depending on the Sn 
concentration distribution, the originally desired inhibitory 
effect of Sn on the alkaline elution of the other elements (Mn, 
Co, and Al) may hard to be obtained. 
The method for producing the hydrogen storage alloy of 

the present invention is not particularly limited, and may be a 
conventional method, for example, strip casting with a single 
roll, twin rolls, or a disk, or metal mold casting. 

In Strip casting, first, a raw material is prepared by blending 
R, Ni, Co, Mn, Al, Sn, and M into a particular composition. 
Next, the blended raw material is heated to melt in an inert gas 
atmosphere into an alloy melt at a temperature not less than 
100° C. higher than the melting point. Then the alloy melt is 
poured onto a water-cooled copper roll, rapidly cooled and 
solidified into alloy flakes. 

In metal mold casting, an alloy melt obtained in the same 
way as above is poured into a water-cooled copper mold, 
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6 
cooled and solidified into an ingot. Strip casting and metal 
mold casting provide different cooling rates, and strip casting 
is preferred for conveniently obtaining an alloy with less 
segregation and uniform composition distribution. 

In the above-mentioned production methods, next, the 
cooled and solidified alloy is heat treated. The heat treatment 
is performed at 900 to 1200°C. in an inert gas atmosphere. In 
particular, heat treatment of an alloy obtained by metal mold 
casting is preferably carried out at not lower than 1050° C. so 
that the alloy is given a structure which has no precipitated 
phase with a low La concentration and a grain diameter of not 
less than 5.0 um in the area with high Sn concentration. The 
duration of the heat treatment is about 30 minutes to 10 hours, 
preferably about 30 minutes to 8 hours. Through such a heat 
treatment, an alloy is obtained with a structure wherein a 
majority of Sn is dissolved into the matrix and La is uniformly 
distributed. As a result, when the alloy is used in a battery, 
elution of Sn into an alkaline electrolyte is inhibited, and 
deterioration of self-discharge characteristics and operating 
voltage of the battery is inhibited. 
The anode for a nickel-hydrogen rechargeable battery 

according to the present invention contains the hydrogen 
storage alloy of the present invention as an anode active 
material. Here, the hydrogen storage alloy of the present 
invention is contained preferably in the form of pulverized 
powder. The pulverization may be carried out by means of 
known pulverizing means to give powder having a mean 
particle diameter (D50) of preferably 10 to 100 um, more 
preferably 20 to 80 um. 
The pulverized powder of the hydrogen storage alloy may 

be subjected to a known treatment before use, for example, 
plating, Surface coating with a high polymer, or Surface treat 
ment with acid or alkaline solution, depending on the desired 
characteristics. 

In the anode for a nickel-hydrogen rechargeable battery 
according to the present invention, the content of the hydro 
gen storage alloy is preferably not less than 80 mass %, more 
preferably not less than 95 mass % of the total amount of the 
materials constituting the anode including an electrically con 
ductive agent and a binder, except for the collector. 
The electrically conductive agent may be a known one, 

Such as carbonaceous materials including graphite and car 
bon black (acetylene black, furnace black, and the like), cop 
per, nickel, and cobalt. 
The binder may be a known one, such as carboxymethyl 

cellulose, polyvinyl alcohol, polyvinyl butyral, polyvinyl 
pyrrolidone, polyethylene oxide, polytetrafluoroethylene 
(PTFE), and ethylene tetrafluoride-propylene hexafluoride 
copolymer (FEP). 
The collector may be, for example, punched metal or foam 

metal. In general, an anode for a nickel-hydrogen recharge 
able battery is produced by a so-called paste process, so that 
punched metal is used. A paste anode may be fabricated by 
mixing the hydrogen storage alloy of the present invention (in 
pulverized powder form), the above-mentioned binder, and 
optionally an electrically conductive agent, antioxidant, Sur 
factant, thickener, and the like, with water as a solvent into a 
paste, applying and packing the paste onto and into a collec 
tor, drying, and roller-pressing. 
The anode for a nickel-hydrogen rechargeable battery 

according to the present invention may have a water repellent 
layer oran electrically conductive layer formed on its Surface 
as desired. These layers may be formed by known methods. 
For example, the former may be formed by applying a fluo 
roresin dispersion and the like followed by drying, and the 
latter may be formed by plating and the like. 
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The nickel-hydrogen rechargeable battery according to the 
present invention has the anode for a nickel-hydrogen 
rechargeable battery of the present invention. The remaining 
components may be known ones. 
The nickel-hydrogen rechargeable battery may be made 

into various shapes, including cylindrical, laminated, coin 
shaped, and the like. In any shape, the nickel-hydrogen 
rechargeable battery has a package of electrodes made of a 
laminate of the anode, a separator, and a cathode, which is 
placed in a container made of stainless steel or the like. When 
the container is a cylindrical can, the can is usually used as an 
anode terminal, so that the package of electrodes is rolled into 
a roll with the anode outside, and inserted into the can to 
connect the anode with the anode terminal. The cathode is 
usually connected to a cathode terminal with a lead wire. 

The separator may be a non-woven fabric of polymer fibers 
Such as of nylon, polypropylene, or polyethylene, or a porous 
polymer film Such as of polyethylene or polypropylene. 
The cathode may contain a nickel oxide, and for example, 

a non-sintered nickel electrode may be used. A non-sintered 
nickel electrode may be fabricated by mixing nickel hydrox 
ide and a binder, and optionally cobalt hydroxide, cobalt 
monoxide, and cobalt metal, with water as a solvent into a 
paste, packing the paste into a collector Such as of foam metal, 
drying, and roller-pressing. 
The container in which the package of electrodes is placed 

is charged with, for example, a 6N to 8N potassium hydroxide 
solution as an alkaline electrolyte. The alkaline electrolyte 
may be those containing lithium hydroxide or sodium 
hydroxide. 

The container is usually equipped with a gasket which seals 
the battery and a safety valve which is activated when the 
internal pressure of the battery increases. 

EXAMPLES 

The present invention will now be explained in detail with 
reference to Examples and Comparative Examples, which are 
not intended to limit the present invention. 

Example 1 

Raw materials were suitably measured out so as to obtain 
an alloy of the composition shown in Table 1, and melted into 
an alloy melt in an argon gas atmosphere in a high frequency 
induction furnace. The pouring temperature of the melt was 
set to 1450° C., and an alloy ingot of 20 mm thickness was 
produced using a water-cooled copper mold. The ingot was 
heat treated at 1100° C. for 7 hours in an argon gas atmo 
sphere, and then pulverized in a stamp mill to obtain alloy 
powder having a mean particle size (D50) of about 50 um. The 
alloy powder was subjected to X-ray diffraction using Cu-KC. 
radiation as an X-ray source to confirm that the main phase 
was a CaCus crystal phase. It was also confirmed by fluores 
cent X-ray analysis and ICP that the obtained alloy had the 
desired composition. A Surface of section of the alloy was 
subjected to area analysis with EPMA at a magnification of 
800x, accelerating voltage of 15 kV, current of 1x107A, and 
beam diameter of 1 um to observe no precipitated phase 
having a grain diameter of not less than 5.0 Lum in a La 
mapping image. 
Characteristics Evaluation Tests 
The characteristics of the obtained hydrogen storage alloy 

(oxidation resistance, decrepitation residual rate, total elu 
tion, and capacity ratio) were determined by the following 
processes. 
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8 
<Charge/Discharge Cycle Test> 
The obtained hydrogen storage alloy was pulverized in a 

stamp mill to obtain alloy powder having a mean particle 
diameter (D50) of about 50 um. 0.15g of the alloy powder and 
0.45g of carbonyl nickel powder were thoroughly mixed in a 
mortar, and the resulting mixture was pressed at 2000 kgf/cm 
into a pellet of 10 mm in diameter. The pellet was held 
between nickel mesh sheets, and the periphery of the mesh 
sheets was spot-welded to press-contact the mesh sheets. A 
nickel lead wire was spot-welded to the mesh sheets to pre 
pare an anode. The obtained anode and a sintered nickel 
electrode as a counterelectrode were immersed in a 8N aque 
ous KOH solution, and Subjected to charge/discharge cycle 
test at 25° C. 
The charge/discharge was carried out using a charge/dis 

charge device (manufactured by KEISOKUKICENTER Co., 
LTD., trade name BS2500-05R1) by repeating the cycle of 
charging at a current of 150 mA per 1 g of the hydrogen 
storage alloy for 170 minutes, taking a break for 10 minutes, 
and discharging to a mercury oxide electrode at a current of 
150 mA per 1 g of the hydrogen storage alloy to -0.7V. 
<Evaluation of Oxidation Resistance> 

After the above charge/discharge cycle test was conducted 
for 100 cycles, the anode alloy pellet was taken out, washed 
thoroughly with pure water, vacuum dried at 60° C., and 
measured of the oxygen amount. The oxygen amount was 
determined using Oxygen Nitrogen Analyzer TCH600 (trade 
name, manufactured by LECO JAPAN CORPORATION). 
The obtained oxygen amount was defined as an index of 
corrosion resistance. The result is shown in Table 2. 
<Evaluation of Decrepitation Survival Rated 
The alloy was pulverized in a stamp mill, and the resulting 

pulverized powder was sieved through 20 um and 53 um 
sieves to obtain powder having a corresponding particle size 
distribution. The obtained powder was placed in an auto 
mated Sieverts-type PCT measuring apparatus (manufac 
tured by TOYOBO ENGINEERING CO.,LTD.), and the air 
was evacuated at 80° C. for 1 hour. The alloy powder was 
activated by two cycles of hydrogen absorption up to 3 MPa 
and following evacuation at 80° C. for 30 minutes. Then the 
alloy powder was Subjected to ten cycles of hydrogen absorp 
tion up to a hydrogen pressure of 1.3 MPa and desorption 
down to 0.02 MPa, and the mean particle size of the resulting 
alloy was determined using a particle size distribution ana 
lyzer (manufactured by NIKKISO CO., LTD., trade name 
“Microtrac MT3000). The ratio of the alloy particle size 
determined after the ten cycles of absorption/desorption fol 
lowing the activation with respect to the initial alloy particle 
size before the activation measured in the same way was 
determined in percentage as a decrepitation residual rate. The 
result is shown in Table 2. 
<Evaluation of Alkaline Elution> 
The alloy was pulverized in a stamp mill to obtain powder 

having a mean particle diameter (D50) of 50 lum. 5 g of the 
powder was placed in 50 ml of a 7N acqueous KOH solution, 
held at 80° C. and left to stand for 7 days to elute the con 
stituent elements of the alloy powder into the aqueous KOH 
solution. Then the aqueous KOH solution was analyzed by 
ICP analysis (Induced Couple Plasma Spectroscopy) using a 
multiple type ICP atomic emission spectrometer (manufac 
tured by THERMO FISHER SCIENTIFIC K.K., trade name 
“IRIS Advantage') to determine the concentrations of the 
detected elements. The sum of the eluted amounts of Co, Al, 
Mn, Sn, and M elements constituting the alloy powder was 
taken as the total elution. The result is shown in Table 2. 
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<Evaluation of Capacity Maintenance Rated 
1) Preparation of Anode Plate 
To 100 parts by mass of the alloy powder prepared above, 

0.4 parts by mass of sodium polyacrylate, 0.1 parts by mass of 
carboxymethyl cellulose, and 2.5 parts by mass of a polytet 
rafluoroethylene dispersion (dispersion medium: water, Solid 
content: 60 parts by mass) were added and kneaded to obtain 
a slurry of an anode material mixture. 
The slurry was applied uniformly, i.e., in a uniform thick 

ness, over both sides of a Ni-plated Fe punched metal sheet of 
60 um thickness, and the slurry was dried. Then the punched 
metal was pressed to cut into an anode plate for a nickel 
hydrogen rechargeable battery of AA size. 
2) Preparation of Cathode Plate 
A mixed aqueous solution of nickel Sulfate, Zinc sulfate, 

and cobalt sulfate was prepared so that the ratios of Znand Co 
with respect to Nimetal was 3 mass % and 1 mass %, respec 
tively, and an aqueous Sodium hydroxide solution was added 
little by little into this mixed solution under stirring. Here, the 
pH during the reaction was kept at 13 to 14 to elute nickel 
hydroxide particles, which were thenwashed three times with 
ten folds of pure water, dehydrated, and dried. 

The obtained nickel hydroxide particles were mixed with 
40 mass % of a HPC dispersion to prepare a slurry of a 
cathode material mixture. This slurry was packed into a 
porous nickel substrate and dried, and the substrate was rolled 
and cut into a cathode plate for a nickel-hydrogen recharge 
able battery of AA size. 
3) Fabrication of Nickel-Hydrogen Rechargeable Battery 
The anode plate and the cathode plate obtained above, with 

a separator made of a polypropylene or nylon non-woven 
fabric interposed therebetween, were rolled into a roll to form 
a package of electrodes, which was then placed in an exterior 
can. An aqueous potassium hydroxide solution of 30 mass % 
concentration containing lithium and sodium was poured into 
this can to fabricate a nickel-hydrogen rechargeable battery of 
AA size with 2500 mAh capacity. 
4) Determination of Capacity Maintenance Rate 
The fabricated battery was subjected to measurement of 

battery capacity by repeating charging at a current of 0.1 C for 
16 hours and discharging at a current of 1.0C downto the final 
voltage of 0.5 V for 100 cycles. The ratio of the discharge 
capacity at the 100th cycle to the discharge capacity at the first 
cycle was determined in percentage as a capacity ratio. The 
result is shown in Table 2. 

Example 2 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1150°C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was Subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 3 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
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10 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1075°C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 4 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1050° C. for 5 hours in an argon gas atmosphere. 
The obtained ingot was subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 5 

Raw materials were measured out so as to obtain an alloy of 
the composition shown in Table 1, and melted into an alloy 
meltinanargon gas atmosphere in a high frequency induction 
furnace. The pouring temperature of the melt was set to 1500 
C., and the melt was casted by Strip casting in a single roll 
casting apparatus with a water-cooled copper roll. The result 
ing flakes were cooled by a spray of argon gas after the flakes 
were separated from the cooling roll until the flakes were 
collected in a steel container. The thickness of the flakes was 
about 0.3 mm. The obtained flakes were heat treated at 1100° 
C. for 5 hours in an argon gas atmosphere. The obtained flakes 
were Subjected to the analyses in the same way as in Example 
1 to confirm that the main phase was a CaCus crystal phase. It 
was also confirmed that the obtained alloy had the desired 
composition, and no precipitated phase having a grain diam 
eter of not less than 5.0 Lum was observed in a La-mapping 
image obtained by the area analysis with EPMA. Further, the 
characteristics evaluation tests were conducted in the same 
way as in Example 1. The results are shown in Table 2. 

Example 6 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1125°C. for 8 hours in an argon gas atmosphere. 
The obtained ingot was subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
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in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 7 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1075°C. for 8 hours in an argon gas atmosphere. 
The obtained ingot was Subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 8 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1075°C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 9 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1075°C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was Subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 10 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1400° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1050° C. for 7 hours in an argon gas atmosphere. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
The obtained ingot was subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. A copy of the La-mapping image obtained by the area 
analysis with EPMA is shown in FIG. 1 (a) and (b). Further, 
the characteristics evaluation tests were conducted in the 
same way as in Example 1. The results are shown in Table 2. 

Example 11 

Flakes were prepared in the same way as in Example 5 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1400° C., and the heat treat 
ment was carried out. The heat treatment of the flakes was 
carried out at 1050° C. for 7 hours in an argon gas atmosphere. 
The obtained flakes were subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. A copy of the La-mapping image obtained by the area 
analysis with EPMA is shown in FIG. 2 (a) and (b). Further, 
the characteristics evaluation tests were conducted in the 
same way as in Example 1. The results are shown in Table 2. 

Example 12 

Flakes were prepared in the same way as in Example 11, 
and heat treated at 1000° C. for 7 hours in an argon gas 
atmosphere. The obtained flakes were subjected to the analy 
ses in the same way as in Example 1 to confirm that the main 
phase was a CaCus crystal phase. It was also confirmed that 
the obtained alloy had the desired composition, and no pre 
cipitated phase having a grain diameter of not less than 5.0 um 
was observed in a La-mapping image obtained by the area 
analysis with EPMA. A copy of the La-mapping image 
obtained by the area analysis with EPMA is shown in FIG. 3 
(a) and (b). Further, the characteristics evaluation tests were 
conducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 13 

Flakes were prepared in the same way as in Example 5 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1550° C., and the heat treat 
ment was carried out. The heat treatment of the flakes was 
carried out at 1150°C. for 7 hours in an argon gas atmosphere. 
The obtained flakes were subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 14 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
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obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1075°C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was Subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 15 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1075°C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was Subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 16 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1100°C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was Subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 17 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1050° C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was Subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 
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Example 18 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1100°C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 19 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1075°C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 20 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1100°C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 21 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1550° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1125°C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
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in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 22 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1550°C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1125°C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was Subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 23 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1400° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1075°C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 24 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1400° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1075°C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was Subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 25 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1400° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1075°C. for 7 hours in an argon gas atmosphere. 
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The obtained ingot was subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 26 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1400° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1075°C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 27 

Flakes were prepared in the same way as in Example 5 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1400° C., and the heat treat 
ment was carried out. The heat treatment of the flakes was 
carried out at 1075°C. for 7 hours in an argon gas atmosphere. 
The obtained flakes were subjected the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 28 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1400° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1075°C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Example 29 

Flakes were prepared in the same way as in Example 5 
except that the raw materials were measured out so as to 
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obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1400° C., and the heat treat 
ment was carried out. The heat treatment of the flakes was 
carried out at 1075°C. for 7 hours in an argon gas atmosphere. 
The obtained flakes were subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Comparative Example 1 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1050° C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was Subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Comparative Example 2 

Flakes were prepared in the same way as in Example 5 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1550°C., and the heat treat 
ment was carried out. The heat treatment of the flakes was 
carried out at 1075°C. for 7 hours in an argon gas atmosphere. 
The obtained flakes were subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and precipitated phases 
having a grain diameter of not less than 5.0 um were observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Comparative Example 3 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1100°C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was Subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and precipitated phases 
having a grain diameter of not less than 5.0 um were observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

18 
Comparative Example 4 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1050° C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Comparative Example 5 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the ingot was 
carried out at 1100°C. for 7 hours in an argon gas atmosphere. 
The obtained ingot was subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 Lim was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Comparative Example 6 

Flakes were prepared in the same way as in Example 5 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, the 
pouring temperature was set to 1450° C., and the heat treat 
ment was carried out. The heat treatment of the flakes was 
carried out at 1025°C. for 7 hours in an argon gas atmosphere. 
The obtained flakes were subjected to the analyses in the same 
way as in Example 1 to confirm that the main phase was a 
CaCus crystal phase. It was also confirmed that the obtained 
alloy had the desired composition, and no precipitated phase 
having a grain diameter of not less than 5.0 um was observed 
in a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 

Comparative Example 7 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1, and the 
pouring temperature was set to 1450° C. The obtained ingot 
was subjected to the analyses in the same way as in Example 
1 to confirm that the main phase was a CaCus crystal phase. It 
was also confirmed that the obtained alloy had the desired 
composition, and no precipitated phase having a grain diam 
eter of not less than 5.0 Lum was observed in a La-mapping 
image obtained by the area analysis with EPMA. Further, the 
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characteristics evaluation tests were conducted in the same 
way as in Example 1. The results are shown in Table 2. 

Comparative Example 8 

An ingot was prepared in the same way as in Example 10 
except that the heat treatment of the obtained ingot was car 
ried out at 1000° C. for 7 hours. The obtained ingot was 
Subjected to the analyses in the same way as in Example 1 to 
confirm that the main phase was a CaCus crystal phase. It was 
also confirmed that the obtained alloy had the desired com 
position, and precipitated phases having a grain diameter of 
not less than 5.0 um were observed in a La-mapping image 
obtained by the area analysis with EPMA. The Sn- and La 
mapping images obtained by the area analysis with EPMA 
are shown in FIG. 4 (a) and (b). Further, the characteristics 
evaluation tests were conducted in the same way as in 
Example 1. The results are shown in Table 2. 

Comparative Example 9 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1 and the 
pouring temperature was set to 1450° C. The obtained ingot 
was subjected to the analyses in the same way as in Example 
1 to confirm that the main phase was a CaCus crystal phase. It 
was also confirmed that the obtained alloy had the desired 
composition, and no precipitated phase having a grain diam 
eter of not less than 5.0 Lum was observed in a La-mapping 
image obtained by the area analysis with EPMA. Further, the 
characteristics evaluation tests were conducted in the same 
way as in Example 1. The results are shown in Table 2. 

Comparative Example 10 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1. The 
obtained ingot was subjected to the analyses in the same way 
as in Example 1 to confirm that the main phase was a CaCus 
crystal phase. It was also confirmed that the obtained alloy 
had the desired composition, and no precipitated phase hav 
ing a grain diameter of not less than 5.0 um was observed in 
a La-mapping image obtained by the area analysis with 
EPMA. Further, the characteristics evaluation tests were con 
ducted in the same way as in Example 1. The results are 
shown in Table 2. 
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Comparative Example 11 

Flakes were prepared in the same way as in Example 5 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1. The 
flakes were heat treated at 1050° C. for 6 hours in an argon gas 
atmosphere. The obtained flakes were subjected to the analy 
ses in the same way as in Example 1 to confirm that the main 
phase was a CaCus crystal phase. It was also confirmed that 
the obtained alloy had the desired composition, and no pre 
cipitated phase having a grain diameter of not less than 5.0 um 
was observed in a La-mapping image obtained by the area 
analysis with EPMA. Further, the characteristics evaluation 
tests were conducted in the same way as in Example 1. The 
results are shown in Table 2. 

Comparative Example 12 

An ingot was prepared in the same way as in Example 1 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1. The 
obtained ingot was Subjected to the analyses in the same way 
as in Example 1 to confirm that the main phase was a CaCus 
crystal phase. It was also confirmed that the obtained alloy 
had the desired composition, and precipitated phases having 
a grain diameter of not less than 5.0 Lim were observed in a 
La-mapping image obtained by the area analysis with EPMA. 
Further, the characteristics evaluation tests were conducted in 
the same way as in Example 1. The results are shown in Table 
2. 

Comparative Example 13 

Flakes were prepared in the same way as in Example 5 
except that the raw materials were measured out so as to 
obtain an alloy of the composition shown in Table 1. The 
flakes were heat treated at 1050° C. for 6 hours in an argon gas 
atmosphere. The obtained flakes were subjected to the analy 
ses in the same way as in Example 1 to confirm that the main 
phase was a CaCus crystal phase. It was also confirmed that 
the obtained alloy had the desired composition, and precipi 
tated phases having a grain diameter of not less than 5.0 um 
were observed in a La-mapping image obtained by the area 
analysis with EPMA. Further, the characteristics evaluation 
tests were conducted in the same way as in Example 1. The 
results are shown in Table 2. 

TABLE 1 

Amounts of rare earth 

components in R (wt % b d 

Nd a Ni 

4.25 
4.25 
4.40 
4.25 
4.25 
4.25 
4.40 
4.45 
4.40 
4.15 
4.15 
4.15 
4.40 

La Ce Pr c Al Mn 

Ex. 
Ex. 
Ex. 
Ex. 
Ex. 
Ex. 
Ex. 
Ex. 
Ex. 9 
Ex. 
Ex. 
Ex. 
Ex. 

66.OO 24.28 2.43 7.29 O.30 
O.30 
O.15 
O.30 
O.30 
O.30 
O.15 
O.10 
O.15 
O.30 
O.30 
O.30 

O40 
O40 
O40 
O40 
O40 
O40 
O40 
O40 
O40 
O.30 
O.30 
O.30 
O40 

O.OS 
O.10 
O.OS 
O.OO 
O.19 
O.OS 
O.OS 
O.OS 
O.OS 
O.15 
O.15 
O.15 
O.OS 

67.00 
61.70 
59.00 

23.57 
27.14 
29.28 

2.36 
2.77 
2.93 

7.07 
8.39 
8.79 

S400 
30.00 
80.00 
80.00 
80.00 
67.00 

32.85 
51.71 
16.49 
16.49 
16.49 
23.57 

3.29 
4.38 
O.88 
O.88 
O.88 
2.36 

9.86 
13.91 
2.63 
2.63 
2.63 
7.07 

Content of each element with respect to R being 1 

e 

Sn 

O.10 
O.OS 
O.10 
O.10 
O.10 
O.15 
O.OS 
O.10 
O.10 
O.15 
O.15 
O.15 
O.15 

8 - 

b + c + Production fM elements 

Fe Cu T Zr Nb b + e d - e d - e + f method 

O.15 
O.15 
O.15 
O.10 
O.29 
O.20 
O.10 
O.15 
O.15 
O.30 
O.30 
O.30 
O.20 

S.10 
S.10 
S.10 
5.05 
5.24 
5.15 
5.05 
S.10 
S.10 
5.05 
5.05 
5.05 
5.50 

Metal mold 
Metal mold 
Metal mold 
Metal mold 
SC 
Metal mold 
Metal mold 
Metal mold 
Metal mold 
Metal mold 
SC 
SC 
SC 
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TABLE 2-continued 

Total Decrepitation Oxidation 
elution residual resistance Capacity 
(ppm) rate (%) (ppm) ratio (%) 

Comp. 800 52 11200 81 
Ex. 8 
Comp. 132O 62 7350 88 
Ex. 9 
Comp. 1522 55 102OO 86 
Ex. 10 
Comp. 1S64 68 7210 93 
Ex. 11 
Comp. 1090 84 6670 94 
Ex. 12 
Comp. 1100 88 4890 99 
Ex. 13 

What is claimed is: 
1. A hydrogen storage alloy comprising a CaCus crystal 

phase as a main phase, having a composition represented by 
the formula RNiCo,Al, Mn SnM, wherein R comprises at 
least La, Ce, Pr, and Nd, with a content of La being not less 
than 66 mass % and not more than 85 mass %, a content of Ce 
being not less than 5 mass % and not more than 55 mass %, a 
content of Prbeing not less than 0.1 mass % and not more than 
10 mass %, and a content of Nd being not less than 0.1 mass 
% and not more than 7.29 mass %; M stands for at least one 
element selected from Ti, Zr, Hf, Ag, Ge. V. Nb, Ta, Cr, Mo, 
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W. Fe, Cu, Zn, B. Ga, Sb, In, Si, P, and C.; a satisfies 
3.70sas5.10, b satisfies 0<bs0.55, c satisfies 0.00s.cs0.45, d 
satisfies 0.05sdk0.20, e satisfies 0.05ses0.25, and f satisfies 
0.00sfs0.25; and 4.90sa+b+c+d+e+fs5.50, and having a 
structure free of a precipitated phase with a grain diameter of 
not less than 5.0 Lum as observed in Sn- and La-mapping 
images at a magnification of 800x obtained by area analysis 
of a cross-sectional structure of said alloy with an electron 
probe micro analyzer. 

2. The hydrogen storage alloy according to claim 1, 
wherein b satisfies 0<bs0.50. 

3. The hydrogen storage alloy according to 
wherein b satisfies 0.10sbs.O.30. 

4. The hydrogen storage alloy according to 
whereine satisfies 0.05ses0.15. 

5. The hydrogen storage alloy according to 
wherein b+e satisfies 0.10sb+es0.65. 

6. The hydrogen storage alloy according to 
wherein b+e satisfies 0.15sb+es0.45. 

7. The hydrogen storage alloy according to claim 1, 
whereind-he satisfies 0.10sd+es0.30. 

8. An anode for a nickel-hydrogen rechargeable battery 
comprising the hydrogen storage alloy of claim 1 as an anode 
active material. 

9. A nickel-hydrogen rechargeable battery comprising the 
anode for a nickel-hydrogen rechargeable battery of claim 8. 

claim 

claim 

claim 

claim 

k k k k k 


